isolated in pure culture from suppurative lesions, the frequency with which they were found in the vagina and their isolation from the urethra of healthy men suggested that they might be part of the normal flora. It was, however, possible that the organisms isolated from patients with infection belonged to a different species of the pleuropneumonia group from those isolated from healthy persons. Pleuropneumonia-like organisms belonging to at least three different species have been isolated from the vagina of bitches (Edward and Fitzgerald, 1951a) . Few attempts have been made to find out whether the pleuropneumonia-like organisms isolated from the human genital tract belong to more than one species. In the investigations to be reported cultures from both infected and healthy persons were exaniined and the strains of pleuropneumonia-like organisms isolated were compared by biological and serqlogical methods to find out whether any particular species or type of organism was associated with disease.
Material and Methods
The investigation was carried out on 468 patients; BRITISH JOURNAL OF VENEREAL DISEASES the instillation method. In the female, specimens were taken from the cervix without first removing any vaginal discharge; thus the swab collected both cervical and vaginal secretions.
The broth samples were usually cultured within a few hours, but could be stored satisfactorily at -20°C.; pleuropneumonia-like organisms were isolated from samples even after storage for several months at this temperature. The broth samples were inoculated directly, without preliminary incubation, on to special media, made from ox heart infusion broth containing 1 per cent. added peptone with the further addition of 10 per cent. yeast extract and 20 per cent. horse serum, the pH being adjusted to 8-0. Both a solid medium and a semi-solid medium were employed. Thallium acetate and penicillin were added as bacteriostatics to provide a selective medium (Edward, 1947) ; only on a few occasions were cultures overgrown by bacteria. Penicillin was only applied to half of the surface of a plate. When colonies of pleuropneumonia-like organisms were present, they appeared on both halves of the plate, unless the penicillinfree half was overgrown with bacteria. There was therefore no suggestion that bacteria were induced by the penicillin to form L-phase variants, which were mistaken for organisms of the pleuropneumonia group.
The plates were examined with a dissecting microscope using slightly oblique transmitted light; this is considered to be the easiest and most reliable method for identifying an organism of the pleuropneumonia group (Edward, 1953) . From every positive culture a subculture was made from a single colony; each of the strains thus isolated was examined to determine its biological and serological properties. The type of growth in a semi-solid medium was noted. Cultures on horse serum agar were examined for the formation of a film and spots. The ability to grow on rabbit serum agar, the ability to ferment glucose, and the ability to produce haemolysis of horse blood agar were also tested (Edward, 1950b (Edward, , 1953 . Reasons are given elsewhere for believing that organisms of the pleuropneumonia group can be distinguished with certainty from bacteria in the L-phase by an adequate examination of their cultural appearances and properties (Edward, 1953) .
The serological reactions were tested with antisera prepared in rabbits against several of the strains. The agglutination tests were carried out by the technique previously described (Edward, 1950a) , using living suspensions obtained by washing off the organisms from cultures on agar plates with saline. The growth of a pleuropneumonia-like organism is inhibited by incorporating in the culture medium an antiserum prepared against that strain (Edward and Fitzgerald, 1953 Table II ). There were four (1I1 per cent.) positive isolations from 36 patients with acute gonorrhoea without metastatic complications.
No genital abnormality was detected in 110 patients, but fourteen (12.7 per cent.) had positive cultures. The frequency of isolation of pleuropneumonia-like organisms from patients with non-specific urethritis was thus about twice that from those with no genital abnormality. In a miscellaneous group (consisting of seven patients with urethritis complicated by arthritis, three with epididymitis, one with prostatitis, two with urethral stricture all without urethritis, two with pyuria, three with lesions of the upper renal tract, three with non-gonococcal proctitis, and one with balanitis) there were three positive isolations, two from patients with proctitis, and the third from the patient with balanitis.
Females.-160 patients were investigated, and 154 cultures from cervix and vagina examined for pleuropneumonia-like organisms; 118 (76-6 per cent.) were positive (Table 1) . There were twelve PLEUROPNEUMONIA-LIKE ORGANISMS cent.) positive cultures from the rectum or anal canal of eighteen patients, and two out of six urethral cultures were positive. Cultures from the mouth of five patients and from one hydrosalpinx were negative.
There were 42 females with gonorrhoea and from 38 (905 per cent.) pleuropneumonia-like organisms were isolated, but in four the organisms were isolated from the rectum (Table II) . There was therefore a high degree of correlation between the presence of pleuropneumonia-like organisms and gonococcal infection in the female, whereas this was not noted in the male. Pleuropneumonialike organisms were found in 61 (82-4 per cent.) out of 74 women with trichomonas infection; 31 patients in this group also had gonorrhoea. In three patients the organisms were only isolated from the rectum. There was thus also a close association between infection with Trichomonas vaginalis and the presence of pleuropneumonia-like organisms. It is of interest that the cultural requirements of these two organisms are somewhat similar, as both need certain sterols as growth factors (Cailleau, 1937; Edward and Fitzgerald, 1951b) . Treatment with acetarsol vaginal pessaries had a variable effect in patients with both organisms. Very often both organisms were suppressed by the local treatment, but one or the other or both often reappeared. Abacterial Group.-There were 52 patients with no past history of genital infection; pleuropneumonia-like organisms were isolated from the urethra of fourteen (27-0 per cent.) (Table III) . The other 26 patients gave a past history of gonorrhoea in twelve cases, non-specific urethritis in eleven cases and acquired syphilis in three cases; two (7-7 per cent.) had positive cultures.
Bacterial Group.-Of 36 patients with no past history of genital infection, eleven (30-6 per cent.) had positive cultures. In the bacterial group of 26 patients, nineteen had a past history of gonorrhoea, five of non-specific urethritis, and two of acquired syphilis; nine (34-6 per cent.) had positive cultures.
Harkness and Henderson-Begg (1948) isolated pleuropneumonia-like organisms from 14 per cent. of their cases of non-specific urethritis, but cultures were positive in five of ten patients whom they regarded as suffering from acute abacterial urethritis. Harkness (1950) later reported positive isolations from 37 per cent. of 206 cases of abacterial urethritis. We did not isolate pleuropneumonia-like organisms more frequently from men with the abacterial type of infection and with no past history of genital infection than from men in the other groups, but a different method of classification may account for the difference between our findings and those of Harkness. We isolated organisms of the pleuropneumonia group from approximately 26 per cent. of men with non-specific urethritis, and this is in close agreement with the findings of other workers. Beveridge, Campbell, and Lind (1946) reported 20 per cent. of positive isolations, and more recently Melen and Linnross (1952) obtained 18 per cent.
Results of Cultures after Treatment
In Non-Specific Urethritis.-The effect of therapy was noted in 24 men with non-specific urethritis and with positive cultures for pleuropneumonia-like organisms. Streptomycin calcium chloride (1g. intramuscularly) was administered daily for five days. There were fourteen patients whose immediate clinical response to treatment was satisfactory, but cultures for pleuropneumonia-like organisms remained positive. In five patients the clinical response to treatment was satisfactory and the cultures became negative. One patient who relapsed after treatment still had a positive culture, but in four others who relapsed pleuropneumonia-like organisms were not found in the urethra after treatment.
Treatment with aureomycin (aureomycin hydrochloride, 500 mg. -8-hrly for 5 days) was given not less than 2 weeks later to twelve patients who had positive cultures in spite of clinical recovery after streptomycin therapy. All patients passed tests for cure 3 months after treatment, but in two of them cultures for pleuropneumonia-like organisms remained persistently positive.
In Consorts.-Pleuropneumonia-like organisms were isolated from the consorts of six men with positive cultures and non-specific urethritis. The women were given the same antibiotic therapy as the male patients and its effect on the persistence of the organisms was noted. After streptomycin in four pairs of consorts, cultures from the male became negative while those in the female remained positive; one of the males had a clinical relapse (Table IV) . In one pair the female became negative and the male remained positive. Both partners in the sixth pair remained positive and were subsequently treated with aureomycin. Cultures in the woman then became negative, but the man remained positive, although he had no clinical relapse. Antibiotic therapy was thus not equally effective in both partners in eliminating the organisms. In vitro tests for sensitivity to the drugs were not carried out to determine whether the strains isolated from'the two partners differed in sensitivity.
In Cases of Clinical Relapse.-The course of disease and response to treatment were observed in men'with non-specific urethritis and no history of genital infection. They were treated with streptomycin and final tests for cure were completed not less than 3 months later. The cultures were repeated and confirmed to be positive in seven candidates. In three the organismas were still present in the urethra 3 months later, in another 6 weeks later, and in three others 4 weeks later. Two men gave a past history of non-specific urethritis and one was found at a later examination to have developed signs of a recurrence of this infection. The female contacts of four candidates were examined, but from only one of these were pleuropneumonia-like organisms isolated, although another woman gave a past history of vaginitis treated with pessaries.
Serological Examination of Strains Antisera were prepared against five-strains; three had been isolated in the course of this investi-gation, one strain in France, and one in America. In cross-agglutination tests one strain, " Campo L ", isolated in America, was agglutinated by its own antiserum but not by any of the other antisera, and the antiserum against "Campo L" only agglutinated the homologous organism (Table VI) . 50, and D 419, thus share common antigens, although differences exist between them in their antigenic constitution. These four strains will be regarded as belonging to one species of the pleuropneumonia group and will be provisionally called Human Type 1 strains.
The serological reactions of 91 strains isolated in the course of this investigation were tested against these antisera. Strains from both male and female genital tracts, and from both healthy persons and from persons with genital infection, including males with non-specific urethritis, were included in this series; there were also eight strains isolated from the anal canal (Table VII) . Altogether 54 strains were tested for agglutination, and were agglutinated to a significant titre by at least one of the Type 1 antisera; the identification of many of these strains as Type 1 was confirmed by the inhibition of growth test. An additional 36 strains, tested only for inhibition of growth, were inhibited by the antiserum against strain H 50 (or by that against strain D 419). Thus, all but one of the 91 strains were serologically related to each other and were identified as Type 1. The one exception, strain H 106, will be described later; it had been isolated from a police candidate, who had acquired non-specific urethritis 3 years previously in Malaya, although there was no evidence of disease at the time of examination. The strains, identified serologically as Type 1, differed from each other in the titres to which they were agglutinated by the four antisera; some strains gave the highest titre with one antiserum and some with another. These differences were not related to the source of the strains. There was no constant difference between strains isolated from patients with infection and strains from apparently healthy persons; strains isolated from the anal canal did not differ from the genital strains.
A number of additional strains which had been isolated by other workers were available for study. Five strains, isolated by Stokes (1953) in London, were identified as Type 1 serologically; one of these strains had been isolated from the blood of a woman with puerperal pyrexia (Table VIII) . Two strains, isolated by Durel (1953) in Paris, were also found to be Type 1. Another five strains which had been isolated in the U.S.A. were received from Morton (1953) . Two of these were identified as Type 1. A third strain, " Campo L ", was sero- Dienes (1953) , who showed that it was serologically similar to each of five other genital strains isolated by him in 1939-40. The five strains, examined by Norman, Saslaw, and Kuhn (1950) and shown to be serologically identical with each other, included strain " Campo L ". Thus the strains which had previously been studied serologically were Type 2 strains, all of which had been isolated in America. Ruiter and Wentholt (1952) isolated pleuropneumonia-like organisms, which appeared to differ from the type usually isolated from the genital tract, from four patients with ulcerative balanitis; they called them " G " strains. One of these strains, examined by us, was serologically different from all the other strains and will be called a Human Type 3 strain.
Biological Properties of Species of the Pleuropneumonia Group of Organisms isolated from the
Human Genital Tract The various species of the pleuropneumonia group of organisms not only differ from each other serologically, but often have distinctive cultural and biochemical properties which assist their identification (Edward, 1950b (Edward, , 1953 Strains of each of the species isolated from man were therefore examined to determine their properties. The Type 1 strains when grown on horse serum agar did not form the film and spots which are noticeable in cultures of some species of pleuropneumonia-like organisms (Edward, 1950a) . The strains grew as well on media enriched with rabbit serum as they did on horse serum agar (Table IX) . They grew throughout a semi-solid medium, usually producing a markedly granular growth. They produced little or no haemolysis of horse blood agar and did not ferment glucose.
The Type 2 strains had similar properties, but differed from the Type 1 strains in their pathogenicity for mice. Cultures of each of the three Type 2 strains in semi-solid media (i.e. cultures containing a small proportion of agar) produced local abscesses after subcutaneous inoculation, even though the strains had been through a large number of subcultures over several years. Similar cultures of five Type 1 strains did not affect mice after subcutaneous inoculation.
When the Type 3 strain (" G " strain of Ruiter and Wentholt, 1952, 1953) was grown on horse serum agar, it produced a film and spots similar to those produced by certain other organisms of the pleuropneumonia group. In a semi-solid medium the strain grew best near the bottom where the oxygen tension was lowest; the growth was smooth. The strain fermented glucose and a number of other carbohydrates. Ruiter and Wentholt (1952) produced local abscesses in mice by injecting this strain into the foot pads, but the strain had lost this property when re-examined in this laboratory. Growth of the strain was improved by adding 20
[±g/ml. thymic nucleic acid to the medium.
Strain H 106, the only strain which was not Type 1 to be isolated during the investigation, resembled -the Type 3 strain in fermenting the same carbohydrates and in forming a film and spots. It was not, however, agglutinated by an antiserum prepared against the Type 3 strain, and its growth was not inhibited by that antiserum. Since only a single strain was studied, it was not possible to determine whether strain H 106 belonged to a separate species or whether it was a Type 3 strain.
Comparison of the Genital Strains with Strains isolated from the Mouth.-Since organisms of the pleuropneumonia group have been found in the As already noted, pleuropneumonia-like organisms were not isolated from mouth swabs, even though the cultures were incubated anaerobically on media containing thymic nucleic acid. The American workers isolated their strains under aerobic conditions on media to which nucleic acid had not been added (Smith and Morton, 1951; Dienes and Madoff, 1953 Ruiter and Wentholt, 1952) . On a number of occasions in this investigation, colonies of pleuropneumonia-like organisms appeared on plates incubated anaerobically, whereas corresponding plates incubated aerobically were negative. Unfortunately duplicate aerobic and anaerobic cultivation was not carried out throughout the investigation, but in a series of 35 urethral cultures from cases of non-specific urethritis, the use of both methods of cultivation did not give a higher proportion of positive isolations than in the whole series. There was therefore no evidence that, if anaerobic cultivation had been used throughout, there would have been a significantly greater number of positive isolations.
The need of certain Type 1 strains for anaerobiosis appears to depend upon conditions in the medium, particularly upon pH. When a urethral sample containing large numbers of Type 1 pleuropneumonia-like organisms was inoculated on media at pH 8, there was growth on a plate incubated anaerobically and on a plate incubated in an atmosphere of 10 per cent. CO2, whereas there was no growth on a plate incubated aerobically (Table X) . The same sample was inoculated on to media of similar constitution adjusted to pH values of 7, 6*5, and 6, and the cultures were incubated aerobically. There was growth on the media at pH 6 5 and 6, but not on the medium atpH 7. Thus this strain was capable of growing aerobically in the particular culture medium provided the conditions were acid, whereas in a more alkaline medium anaerobiosis was necessary. The Type 3 strain grew well on the medium at pH 8 incubated anaerobically, there being no growth on the same medium incubated aerobically. Growth was only moderately good on the same medium incubated in an atmosphere of 10 per cent. CO2. There was also moderately good growth on media adjusted to pH 6 5 and 6 and incubated aerobically. Reducing the pH of the medium did not permit satisfactory growth under aerobic conditions of a Type 4 strain which had been isolated from saliva by anaerobic cultivation.
It is concluded that cultures from the human genital tract should be incubated both aerobically and anaerobically to ensure growth of all strains of pleuropneumonia-like organisms. Cultivation in an atmosphere of 10 per cent. CO2 could be used as an alternative to anaerobiosis, although Morton, Smith, and Leberman (1951) 
